The usefulness of any mutagen in plant breeding depends not only on its effectiveness but also upon its efficiency.
effectiveness
and efficiency of gamma-rays and ethyl methane sulphonate and to study the synergistic effects of combination treatments of mutagens.
Materials and methods T-9, an improved variety of black gram treated with gamma-rays, ethyl methane sul phonate (EMS) and their combination treatments were used in the present study. Five hun dred pure, healthy and uniform sized seeds (stabilised at 8% moisture) were treated with 5, 10, 20, 30 and 40kR gamma-rays. Similarly, in case of EMS treatment individually and in com bination with gamma-rays, 200 pure seeds each were presoaked in distilled water for 15hr at room temperature.
For EMS treatment, seeds were treated with 10, 20, 30, 40 and 50mM freshly prepared solutions for 8hr.
For combination treatments i.e. gamma irradiation followed by EMS, only one concentration of EMS (20mM) was used in combination with 10, 20 and 40kR gamma-rays.
At the end of the EMS treatment, the treated seeds were washed in running tap water for 8hr to wash off the superfluous mutagen adhering to the seed surface.
Two hundred seeds of each gamma irradiated, EMS treated and gamma irradiated+EMS treated seeds alongwith their respective controls were sown in the field to raise M, generation in a randomised block design with three replications.
Pollen sterility in first five buds and ovule sterility from the pods at the time of maturity were recorded. All the surviving individual plants were harvested in each treatment in M1 generation.
M, plants having sufficient seeds in different treatments were grown in plant to progeny rows to raise M, generation. M2 generation was screened for chlorophyll and viable mutations. Mutagenic effectiveness and efficiency was calculated on the basis of formulae suggested by Konzak et al. (1965 To evaluate the effect of combined treatments on mutation frequency the data were analysed using the formula: (a)+(b)=1/K (a+b), where a and b stand for two treatments and K is a hypothetical interaction coefficient. The value of K should be one, if the interaction is ad ditive. Any deviation from this value would show synergistic or less than additive effects. Results and discussion
The data on pollen sterility (%) and ovule sterility (%) are presented in Table 1 . The increase in pollen and ovule sterlity showed a direct relationship with gamma-rays and EMS doses, the maximum pollen and ovule sterility occuring at highest doses of gamma rays and EMS. However, the combination of gamma-rays with EMS increased the pollen and ovule sterlity than their individual treatments. Thus, post irradiation treatment with EMS produced additive effects. However, Sharma (1972) obtained synergistic effects for in crease in seed sterility in combination treatments of gamma-rays and EMS in barley.
Effectiveness of gamma-rays increased with the increase in dose from 5kR to 40kR and 40kR gamma-ray treatment was most effective on the basis of both M, plant progenies (Mp/ On the other hand, in case of combination treatment, the lower dose i.e. 10kR
(gamma-rays)+20mM (EMS) was the most effective on the basis of both Mp/dose and Ms/ dose. In general, gamma-ray treatments were more effective than EMS or their combination treatments.
Mutagenic efficiency, calculated on the basis of both percentage pollen sterility and per centage ovule sterility, 20kR gamma-ray treatment was most efficient among gamma-ray treatments and in EMS, 40mM was the most efficient on the basis of both pollen and ovule sterility. Among combination treatments, 10kR gamma-rays+20mM EMS treatment was most efficient on the basis of ovule sterility and 20kR+20mM was the most efficient on the basis of pollen sterility. In general, EMS was 2-2.5 times more efficient than gamma-rays. It has also been concluded by various workers that gamma-rays are more effective but less efficient than EMS (Konzak et al. 1965 in barley, Jana and Appa Rao 1975 in black gram, Nerker 1977 in Lathyrus sativus, Reddy and Gupta 1989 in triticale).
The total mutation frequency (chlorophyll as well as viable mutations) showed dose de pendance, the maximum increase occuring at higher doses of gamma-rays and EMS. Muta tion frequency increased in combination treatments and the frequecy was highest in combina tion treatment of 40kR gamma-rays+20mM EMS on the basis of M, plant progenies as well as M2 plant basis. Similarly, in other combination treatments of gamma-rays with EMS, the rate of mutations increased in comparison to individual mutagenic treatments of gamma rays and EMS. In combination treatment, the 10kR gamma-rays with 20mM EMS and 20kR gamma-rays with 20mM EMS produced synergistic effect in increasing mutation fre quency, calculated on the basis of both M, plant progenies as well as M2 plant basis. On the other hand, at higher gamma-ray (40kR) dose+20mM
EMS it was additive when expressed as per cent M, plant progenies but a synergistic effect was observed when calculated as per cent of M2 plants mutated (Table 2 ). Synergistic effects of physical and chemical mutagens have been reported when they are used in combination in various crops (Khalatkar and Bhatia 1975 in barley, Jana and Appa Rao 1975 in blackgram, Agarkova and Yakovlev 1977 in Phaseolus vulgaris, Ignacimuthu and Babu 1989 in urd and mung bean and Venkateswarlu et al. 1988 in Cartharanthus roseus).
The synergism among two mutagens may be firstly because of first mutagen treatment making accesible otherwise non-available sites for reaction to the second mutagen; and second ly pre-mutational lesions induced by the first mutagen becomes fixed due to an inhibitory effect of the second mutagen on repair enzyme (Sharma 1972, Payez and Deering 1972) . Both these pathways should yield a frequency of mutations higher than the total of two mutagens applied individually.
Summary
Mutation frequency, effectiveness and efficiency of gamma-rays, ethyl methane sulphonate (EMS) and synergistic effects of their combination treatment were assessed in T-9, an improved variety of black gram. Gamma-rays were more effective than EMS. However, EMS was 2-2.5 times more efficient than gamma-rays.
There was a progressive increase in mutation frequency of chlorophyll and viable mutations with the increase in gamma-rays and EMS doses. Synergistic effects were observed for increasing mutation frequency in M2 generation in combination treatment of gamma-rays with EMS.
